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Supplementary Figure 1. Screening of small molecules that structurally target the 
binding pocket around the S184 site of Bax by the computerized DOCK suite of 
programs. (a) Schematic representation of the Bax homology domains (BH) and the S184 
phosphorylation site in Bax protein, and structural modeling of molecule docking around the 
S184 site.  (b) The top 36 small molecules that dock the S184 binding pocket of Bax with 
priority energy scores. (c) Expression of Bax or Bcl2 in various lung cancer cell lines or primary 
normal small airway epithelial cells (SAEC) was analyzed by Western blot. (d) H1299, A549 or 
SAEC cells were treated with the top 36 small molecules (5 µM) for 48h. Cell viability was 
assessed using ApoAlert Annexin-V kit. DMSO or cisplatin (40 µM) was used as a negative or 

positive control, respectively. The error bars indicate  SD. 
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Supplementary Figure 2. Expression levels of pBax and/or total Bax are associated with 
sensitivity of SMBA1 in various human lung cancer cells. (a) Levels of pBax and/or total 
Bax in a panel of lung cancer cell lines were analyzed by Western blot using phospho-specific 
S184 Bax or Bax antibodies, respectively. Levels of pBax were quantified using ImageJ 
software (National Institutes of Health, Bethesda, MD, USA). (b) Cell growth was analyzed by 
colony formation assay following treatment of a panel of lung cancer cell lines with SMBA1 

(5µM) for 10 days. The error bars indicate  SD. 
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Supplementary Figure 3. Dynamic light scattering (DLS) analysis of SMBA compounds.  
Various concentrations (1, 5, 10, 50, 100, 250, and 500 µM) of SMBA1, SMBA2, SMBA3 or 
erlotinib were analyzed by DLS to detect aggregation. Erlotinib, a commonly used lung cancer 
clinical drug, was used for comparison. The radius of gyration (Rg) of the major component, by 
mass, was determined using a Dual Integrated Light Scattering system Malvern Zetasizer uV. 
Except in the case of aggregation, at high concentration and Rg, the major component was 
100% of the mass. No self-aggregation of SMBA1, SMBA2 or SMBA3 was observed at 
concentrations lower than 500 µM. For erlotinib, no self-aggregation was observed at 
concentrations lower than 250 µM.     
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Supplementary Figure 4. SMBA1, 2 and 3 directly induce Bax conformational change in 
a cell-free system. Purified recombinant Bax protein (10ng/ml) was incubated with SMBA1, 

SMBA2 or SMBA3 (1 M) in cold EBC lysis buffer at 4 oC for 2h. Immunoprecipitation (IP) 
experiments were performed using 6A7 or Bax antibody, respectively. Bax was analyzed by 
Western blot using Bax antibody (1:500 dilution).  
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Supplementary Figure 5. QD-IHF analysis of pBax and 6A7 Bax in tumor tissues. A549 
lung cancer xenografts were treated with vehicle control or SMBA1 (40mg/kg/d) for 10 days. 
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pBax and 6A7 Bax were analyzed in tumor tissues at the end of experiments by QD-IHF and 

quantified as described in “Methods”. The error bars indicate  SD. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                    Supplementary Figure 6. (Related to Fig. 2a) 
                                    Original autoradiography and Western blots 
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                         Supplementary Figure 7. (Related to Fig. 3b and c) 
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                         Original Western blots 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             Supplementary Figure 8 (Related to Fig. 4a and c) 
                             Original Western blots 
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                         Supplementary Figure 9 (Related to Fig. 5b, c and d) 
                         Original Western blots 
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                                    Supplementary Figure 10 (Related to Fig. 8a) 
                                    Original Western blots 
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Supplementary Methods 

Dynamic light scattering (DLS) analysis.  
DLS analysis for SMBA compounds was performed as described1, 2, 3. Briefly, samples of each 
compound were prepared by first dissolving powdered sample in DMSO. These were then 
diluted with the same aqueous assay buffer (pH 7.4) used above, to yield serial dilutions of 1, 5, 
10, 50, 100, 250, and 500 µM.  For each sample concentration, the radius of gyration (Rg), of 
the major component by mass, was determined using 4µl aliquots pipetted into a quartz 
sample cuvette placed in a Malvern Zetasizer µV Dynamic Light Scattering (DLS) instrument 
(Malvern Instruments Ltd, Malvern, UK) at 25°C 1, 2. The major component was always 100% 
of the mass except for when the sample displayed a large Rg and had begun to aggregate. In 
the absence of aggregation the instrument's automatic intensity optimization routine always 
used the same settings: 100%. As recommended by the manufacturer, the autocorrelation 
curves were examined to ensure that scattering from low sample concentrations was not too 
small to distinguish from buffer. 
 
Fluorescence polarization assay. The fluorescent Bak BH3 peptide (3 nM) was incubated 
with purified recombinant Bax protein (6 nM) in the absence or presence of increasing 
concentrations (i.e. 0~500 nM) of SMBA (s) in a 96-well assay plate. Polarization, defined as 
millipolarization units (mP), was measured at room temperature with a fluorescence microplate 
reader (Wallace, CA). A negative control (DMSO, 3 nM peptide and assay buffer) and a 
positive control (DMSO, 3 nM peptide, 6 nM Bax protein and assay buffer) were used to 

determine the range of the assay. The percentage of inhibition was determined by (1-(mP 

value of well-negative control)/range) × 100%. The inhibitory constant (Ki) value was 

calculated using Microsoft Excel as described 4. Values are the mean  S.D. for three separate 
experiments run in duplicate.  
 
Metabolic labeling, immunoprecipitation, and Western blot analysis. Cells were washed 
with phosphate-free RPMI medium and metabolically labeled with [32P]orthophosphoric acid for 
60 min. After nicotine or SMBA addition, cells were washed with ice-cold 1× PBS and lysed in 
ice-cold EBC buffer (0.5% Nonidet P-40, 50mM Tris, pH 7.6, 120mM NaCl, 1mM EDTA, and 
1mM-β-mercaptoethanol) containing protease inhibitor cocktail set I. Bax was 
immunoprecipitated using an agarose-conjugated Bax antibody. The samples were subjected 
to 12% SDS-PAGE, transferred to a nitrocellulose membrane, and exposed to Kodak X-Omat 
film at -80 °C. Bax phosphorylation was determined by autoradiography. The same filter was 
then probed by Western blot analysis using a Bax antibody and developed using an ECL Kit 
from Amersham Biosciences as described previously 5. 
 
Immunofluorescence 
A549 cells were cultured on a Lab-Tek® chamber slide (Nalge Nunc International) and treated 

with SMBA. Cells were washed with 1 PBS, fixed with ice-cold methanol/acetone (1:1) for 5 
min, and blocked with 10% goat serum for 20 minutes. Then, cells were incubated with rabbit 
against human Bax (1:100) and mouse against human Cyt c (1:100) primary antibodies for 60 
min. After washing, samples were incubated with fluorescein isothiocyanate-conjugated anti-
rabbit and rhodamine-conjugated anti-mouse secondary antibodies (1:200 dilution) for 60 min. 

Cells were washed with 1 PBS, the slides were sealed in mounting medium and observed 
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under a fluorescent microscope (Zeiss). Pictures were taken and colored with the same 
exposure setting for each experiment. For mitochondrial staining, living cells were incubated 
with 20 ng/ml mitotrack for 30 minutes, then fixed and blocked as previously described. To 
determine subcellular regions of protein co-localization, individual red- and green-stained 
images derived from the same field were merged using Openlab 3.1.5 software from 
Improvision, Inc. (Lexington, MA). Areas in yellow indicate the protein co-localization.  
 
Subcellular fractionation 

Cells (2 × 107) were washed with cold 1 PBS and resuspended in isotonic mitochondrial 
buffer (210 mM mannitol, 70 mM sucrose, 1 mM EGTA, 10 mM Hepes, pH 7.5) containing 
10% protease inhibitor mixture set I, homogenized with a polytron homogenizer, and then 
centrifuged at 1000 × g for 5 min to remove the nuclei and unbroken cells. The supernatant 

was centrifuged at 13,000  g for 10 min to pellet mitochondria as described previously 6. The 
resulting supernatant is the cytosolic fraction. Mitochondria were washed twice with 
mitochondrial buffer and resuspended in 1% Nonidet P-40 lysis buffer, rocked for 60 min, and 
then centrifuged at 17,530 × g for 10 min at 4 °C. The resulting supernatant containing 
mitochondrial proteins was collected. Protein (50 µg) from each fraction was subjected to SDS-
PAGE.  Cyt c was analyzed by Western blot. The purity of fractions was confirmed by 
assessing localization of the mitochondria-specific protein, prohibitin 7. 
 
Bax insertion assay  
A549 cells were treated with SMBA(s), mitochondria were isolated by subcellular fractionation, 
resuspended in freshly prepared 0.1 m Na2CO3, pH 11.5, and incubated on ice for 30 min. The 
samples were then centrifuged at 200,000 × g for 30 min, and the alkali-extracted membrane 
pellet was resuspended with 1% Nonidet P-40 lysis buffer, rocked for 60 min, and then 
centrifuged at 17,530 × g for 10 min at 4 °C. The supernatant containing the nonextractable 
mitochondrial proteins was collected and subjected to SDS-PAGE. The alkali-resistant Bax (i.e. 
nonextractable or integral) was determined by Western blot using a Bax antibody (1:500) as 
described previously 8.  
 
Colony formation assay 
Cells were plated in 6-well plates at a density of 500 per well. The next day, cells were treated 
with SMBA(s). The medium was replaced with fresh medium containing the corresponding 
concentration of the compounds every 3 days. After 10 days of treatment, the medium was 
removed and cell colonies were stained with 0.1% crystal violet in 20% methanol and counted 
as described previously 9.   
 
Cell viability assay. Apoptotic and viable cells were detected using a PI- Annexin-V kit 
(Clontech, Mountain View, CA ) according to the manufacturer’s instructions. The percentage 
of viable cells or apoptotic cells was determined by fluorescence-activated cell sorter analysis 
as described previously 6, 10. Cell viability was also confirmed using the trypan blue dye 
exclusion method 10 
 
Immunohistochemistry (IHC) analysis 
After treatment of mice with SMBA, tumors were harvested, fixed in formalin and embedded in 
paraffin. Representative sections from paraffin-embedded tumor tissues were analyzed by IHC 
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staining using an active caspase 3-specific antibody (1:100 dilution). Active caspase-positive 
cells in tumor tissues were scored at 400 × magnification. The average number of positive cells 
per 0.0625 mm2 area was determined from three separate fields in each of three independent 
tumor samples as described 11. 

Quantum Dot-based immunohistofluorescence (QD-IHF) and quantification. QD-IHF for 
measurement of pBax and 6A7 Bax in tumor tissues was performed as described previously 12, 

13, 14. Briefly, harvested tumors were embedded in paraffin and cut into 4-μm sections. After de-
paraffinization and rehydration, antigen retrieval was performed by heating with citric acid (10 
mmol/L, pH 6.0) in a microwave for 10 min. The tissue slides were blocked with 2.5% normal 
horse serum for 10 min before the primary antibody incubation. Rabbit anti-human pBax and 
mouse anti-human 6A7 Bax antibodies were mixed at 1:50 dilution in 1×PBS containing 2.5% 
horse serum. Normal rabbit IgG was used as a negative control. Tissue sections were 
incubated with a mixed solution of pBax (1:50) and 6A7 (1:50) antibodies overnight at 4°C. 
After washing with 1×PBS three times, QD605 goat anti-rabbit IgG conjugate (red) and QD705 
goat anti-mouse IgG conjugate (green) secondary antibodies at 1:50 dilution (Invitrogen Life 
Technologies Inc., Carlsbad, CA) were added  to the slides with further incubation for 1h at 
37°C. The slides were washed three times with 1×PBS, counterstained with DAPI, mounted 
and stored at 4oC under dark conditions. QD imaging and quantification procedures were 
performed as described previously14. The NuanceTM fluorescence microscope system (CRi 
consolidated with Caliper, a PerkinElmer company, Hopkinton, MA) was used for quantification 
of the QD-IHF signals. All cubed image files were collected from tumor tissue slides at 10 nm 
wavelength intervals from 420-720 nm, with an auto exposure time per wavelength interval at 
200~400x magnification. Taking the cube with a long wavelength band pass filter allowed 
transmission of all emission wavelengths above 420 nm. Both separated and combined QD 
images were obtained after establishing the QD spectral library and unmixing the image cube. 
For each tissue slide, 10 cubes were taken. The background signal was subtracted for 
accurate quantification of the QD signals. The average of each QD signal was obtained by 
selecting tumor areas on each cube for quantification by Nuance imaging software 
(Caliper/PerkinElmer). An average reading from the 10 cubes was obtained as a total average 
signal count of each tissue slide for both QD signals. 
 
Vector-based gene silencing of Bax. Bax shRNA and pSilencer™ 2.1-U6 hygromycin 
plasmids were obtained from Ambion (Austin, TX). The Bax DNA target sequence for siRNA 
design is AACTGATCAGAACCATCATGG. Bax shRNA was cloned into the pSilencer™ 2.1-
U6 hygromycin plasmids as described previously5.  The pSilencer™ 2.1-U6 hygromycin 
plasmids bearing Bax hairpin siRNA were transfected into A549 cells using Lipofectamine™ 
2000 according to the manufacturer's instructions. The stable clones persistently producing 
Bax siRNA were selected using hygromycin (0.8 mg/ml). The levels of Bax expression were 
analyzed by Western blot using a Bax antibody (1:500 dilution).  
 
Mouse blood analysis. Whole blood (250µL) was collected in EDTA-coated tubes via cardiac 
puncture of anesthetized mice for hematology studies. Specimens were analyzed for white 
blood cells (WBC), red blood cells (RBC), platelets (PLT), alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and blood urea nitrogen (BUN) in the Clinical Pathology 
Laboratory at the University of Georgia (Athens, GA).   
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